Background: P-glycoprotein (P-gp) 
Introduction
Epilepsy is a condition characterized by two or more recurrent seizures which are unprovoked by any immediate identified cause. Despite significant advances in terms of antiepileptics, one third of epileptic patients still remain drug-resistant. [1] Resistance to AEDs (antiepileptic drug) increases the morbidity and mortality risk for these patients. The mechanism leading to resistance towards antiepileptic treatment is complex and still, to this date, is incompletely deciphered. Drug-resistance depends on several factors, such as aetiology, type of AED medication, epilepsy phenotype, frequency and type of seizures, age of onset, syndrome type, structural cerebral abnormalities, and electroencephalographic discharges. In addition, treatment resistance can be associated with the same genetic factors related to pharmacokinetics and pharmacogenetics of AED. These genetics factors can induce increases in plasma level concentrations either by decreasing elimination or by increasing absorption of the medication and also by facilitating the substance's access to the epileptic foci from the central neurvous system (CNS). Genetic factors may also cause changes in transporters and receptors affecting the therapeutic response. [2] ABC (the ATP-binding cassette) proteins are associated with multiple drug resistance and are members of an energy-dependent protein superfamily. The MDR1 gene (ABCB1) is located on chromosome 7q21.1 and encodes a membrane protein (p-glycoprotein Pgp), found in several tissues such as pancreas, liver, kidney, intestine and in other tissues with excretory or secretory function. Several hypotheses have been issued concerning the aetiology of resistance to antiepileptic drugs. Two concepts are attempting to explain this issue: the first is modification of the action target and the second is modification of the efflux protein function. The first hypothesis is sustained by studies which show the association between pharmachoresistance to treatment and structural damage or anomalies in the neuronal network and in the activity of same neurotransmitters. The second hypothesis incriminated a weak penetration of the AEDs through the blood-brain barrier (BBB), where the existing high density of ABC transporters determines multiple drug resistance. [3] Starting from this idea a non-specific mechanism was suggested, which limits antiepileptic drug efficiency by over-expressing efflux transporters at BBB. P glycoprotein (P-gp) is the prototype of these transporters.
It is known that almost all seizures are caused by the cumulative action in varying proportions genetic factors (predisposing factors) and environmental factors (precipitating factors). Also, "both, genetic factors and subclinical differences in epilepsy related brain alteration may be involved". [2] In the genetic causes of epilepsy environmental factors will influence disease expression. Also, the genetic factors is possible to generate in structural lesions of the CNS, epileptogenic potential wich underliyng symptomatic epilepsies. [4] In 1995, Thisel et al. suggested the absence of response to antiepileptic treatment to be secondary to a reduction in drug penetration into the CNS. [5] In this study the authors noticed an increased expression of MDR1 in the brain tissue of patients undergoing surgery. Dombrovski et al. in a study on patients diagnosed with refractory epilepsy, treated by temporal lobectomy, demonstrated an increased expression of MDR1 in endothelial cells of the BBB. [6] Several single nucleotide polymorphisms (SNPs) have been identified in the ABCB1 gene. Among them, C3435T, C1236T, G2677T, G2667A, T129C polymorphism are the most studied in epilepsy. Due to the potential involvement of this gene in resistant epilepsy, a large number of studies have suggested these polymorphisms to be associated factors for drug-resistant epilepsy. Siddiqui et al. [7] performed a large study on Caucasian population analysing three single nucleotide polymorphisms (C1236T, G2677T and C3435T) and found a significant association between C3435T polymorphism and drug-resistant epilepsy. On the other hand, the association among drug therapy response and C3435T genotype observed in these studies was not confirmed by other studies that included patients with similar ethnic characteristics. [8] [9] [10] [11] .
To our knowledge, no data are available regarding the association between C1236T and G2677T polymorphisms and epilepsy in Romanian children. The aim of this study was to evaluate a possible association between C1236T and G2677T ABCB1 gene polymorphisms and drug-resistant epilepsy in Romanian children.
Material and Methods

Patients and controls
The study protocol was approved by the Ethics Committee of the University of Medicine and Pharmacy of Tirgu Mures. A written informed consent was signed by each parent or legal tutor of all children included in the present study.
We analysed a number of 194 patients diagnosed with various forms of epilepsy, hospitalized in the Paediatric Neurology and Psychiatry Clinic Tirgu Mureş, between 2011 and 2014. Epilepsy diagnosis was made according to the definition of epilepsy and ILAE (International League Against Epilepsy) classification. [12] Epileptic children were divided according to aetiology, in idiopathic (74 cases), cryptogenic (40 cases) and symptomatic (80 cases) groups, as well as by type of epileptic seizure, namely partial and generalized. Idiopathic epilepsy represent a group of epileptic syndromes predominantly genetic or presumed genetic origin, in which patients had a normal structural brain and a normal neurological examination; symptomatic epilepsy are those cases, with structural or metabolic causes and cryptogenic epilepsies are defined as an epilepsy of presumed symptomatic unknown causes. Of the initial group, for this study those cases that met the criteria for idiopathic and cryptogenic epilepsies (114 cases) (previously diagnosed and treated) were selected, aged 1.1 years to 18 years (49 girls and 65 boys), mean age 8.98±2.9 years. We also selected a number of 153 healthy controls (89 girls and 64 boys) aged between 2.1 to 17.6 years. Controls were chosen randomly, all being unrelated healthy children with no neuropsychiatric diseases, no personal or family history of seizures, and were recruited from the Paediatric department. All epileptic patients included in the study had specific epileptiform discharges on EEG and all were on stabile treatment with one, two or more antiepileptic drugs in maximum tolerated dose and adequate AED schedules for at least one year. The exclusion criteria were noncompliance of AED therapy and symptomatic epilepsies.
The selected 114 patients were stratified in two groups according to their antiepileptic drug response (drug-responsive and drug-resistant). Drug-responsive group consisted of 83 patients that were seizure free on monotherapy or combination-therapy for at least 12 months or for a three-times longer period compared to the inter-seizure interval (of the relapsed seizures). In accordance with a recent Task Force of the ILAE Commission on Therapeutic Strategies, drug-resistant patients (our group of 31 patients) were considered if they were not seizure free even after adequate trial with two, three or more tolerated, appropriately chosen AED schedules was instituted. [13, 14] Genotyping procedure Genomic DNA was obtained from peripheral blood samples using a Zymo Beads Genomic DNA kit (Zymo Research). The ABCB1 genotypes were determined by PCR-RFLP (polymerase chain-restriction fragment length polymorphism) assay. Primers, restriction enzymes and PCR protocols for G2677T were the same as described by Dong L et al. [15] but with a minor modification regarding C1236T PCR protocol: initial denaturation at 95°C for 5 minutes, followed by 40 cycles of denaturation at 95°C for 30 seconds, anneling for 30 seconds at 59°C, extension at 72°C for 30 seconds, and a final extension at 72°C for 5 minutes. All restriction enzymes used in this study were supplied by Fermentas. The resulting fragments were separated by electrophoresis, using standard 2% agarose gels stained with ethidium bromide. (Figure 1 ) 
Statistical analysis
For statistical analysis we used SPSS software, version 17.0 (Statistical Package for Social Sciences), considering statistically significant a p value of less than <0.05. A chi-square test was used to evaluate the Hardy-Weinberg equilibrium. Fisher's exact test performed on a contingency table with was used to compare allele and genotype frequencies between the epileptic, idiopathic and symptomatic epileptic subgroups and also between partial and generalized type of epilepsy. OR (odds ratio) was calculated to demonstrate the probability or susceptibility to drug resistance according to the given polymorphism. [16] 
Results
Demographic characteristics of the 83(72,8%) drug-responsive and 31(27,2%) drug-resistant epileptic children are shown in Table I . Age distribution at the time of study and age of onset show a significant difference between groups (p-0.005 and p-0.01 respectively). The onset of epilepsy between the ages of 4-12 has been identified as being representative both in the drug-resistant and drug-responsive epileptic groups. Instead, epilepsy onset above 12 years old was associated in 95.5% with the total control of seizures. Gender distribution was not significantly different between drug-resistant, drug-responsive and control groups. No statistically significant difference between partial or generalized seizures was observed. Patients with cryptogenic epilepsy had at three times greater risk of developing drug resistant epilepsy than those with idiopathic epileptic syndromes (p-0.008, OR:3.16, 95% CI:1.34-7.45). The type and causes of epilepsy that were included in study follow the classification offered by Shorvone et al, 2011 [17] and Table III. The distribution of MDR1 C1236T and G2677T genotypes within the two groups was not significantly different from that indicated by the Hardy-Weinberg equilibrium. No statistically significant differences were detected for the genotype and allele frequencies of the polymorphisms in the ABCB1 gene between all epileptic patients and healthy controls. C allele as well as CT and GT genotypes were the most frequent in both groups. Allele and genotype frequency analysis after stratification of epilepsies in idiopathic and cryptogenic showed no statistically SNP-single nucleotide polymorphism, OR-odds ratio; CI-confidence interval significant difference compared to the control group. For C1236T, CT heterozygotes were identified with a higher frequency among those with idiopathic epilepsy than those with cryptogenic, with no statistical significance. T allele was more frequent in idiopathic forms for the 2677 locus.
Genotype and allele frequencies of C1236T and G2677T in drug-resistant and drug-responsive group.
Generalized and partial epilepsy (drug-resistant drug-responsive)
By comparing genotype frequencies between drug-resistant and drug-responsive patients after stratification by type of seizures, significant differences (p<0.05) were observed for drug-responsive generalized and partial type of seizure for 1236CT, while for 2677GT no statistically significant differences were noticed. After analysing C1236T compound genotypes CC vs CT+TT, significant differences (p-0.01) were demonstrated for drug-responsive generalized epilepsy patients. Also, a significant association between T variant allele at the same 1236 locus and drug responsive patients was found (p-0.03). (Table IV) Total epileptic patients (drug-resistant/ drug-responsive)
When we considered CC as reference, 1236CT heterozygous was highly representative in the responsive group (p-0.001) and T variant allele representative in the same group for the same SNP (p-0.04). No association between the G2677T polymorphism and epilepsy was found.
Compound genotype C1236T/G2677T (CC+GG; CT+GT; TT+TT) analysis showed that CT+TT combination was three time more representative in drug-responsive epileptic groups compared with drug-resistant, with a significant p value of 0.001 (OR:3.43, 95% CI:1.09-10.7).
By comparing genotype genetic models' (CC vs TT, CT vs TT, CC vs CT, CC+CT vs TT, CC vs CT+TT) effects in drug-resistant and in drug-responsive epileptic patients, assuming co-dominant (CC vs TT, CT vs TT), dominant (CC+CT vs TT) and recessive (CC vs CT+TT) we found a statistically significant association (p-0.001) of the 1236CC genotype with the drug-responsive group.
Cryptogenic and idiopathic epilepsy (drug-resistant and drug-responsive)
When patients were stratified by aetiology of epilepsy our results showed an association of drug-responsive epilepsy with variant T allele and TT homozygous genotype in both analyzed polymorphisms. In both cases, the OR was <1, indicating TT as a possible protective factor in the development of unresponsive epilepsies (Table V). After stratification of idiopathic forms by type of seizure (partial and generalized) we obtained the following results: an association with homozygous variant genotype 1236TT with idiopathic partial and generalized drug-responsive group, with a statistically significant p-value (0.04 and 0.05 respectively)
We assessed the association of MDR1 haplotypes derived from C1236T and G2677T loci in response to AEDs in drug-resistant and drug-responsive groups. There were 4 possible combinations (CG, CT, TG and TT) and they were estimated and compared between drug-resistant and drug-responsive groups. In both groups all haplotypes were represented higher than 5%. Using as a reference the CG haplotype we did not find any statistical difference between the groups (p>0.05). In drug-resistant group CG was the most frequent (36.1%) while in drug-responsive group TT haplotype was found to have a higher prevalence (29.1%). In the healthy controls group haplotype frequencies were as follows: 29.6 for CG, 21.1 for CT, 20.5 for TG and 28.8 for TT. 
Discussion
As a result of the clinical characteristics of drug-resistant epileptic patients, we found a predominance in younger children, meaning 54.9% were younger than four years old. With respect the aetiology, 87.7% of the cases had a normal neurological examination without structural lesions, identifiable on computer tomography (CT) or MRI, while 12.3% had nonspecific global developmental delay or mental retardation before epilepsy onset but with no identifiable structural cause for epilepsy on neuroimaging.
Idiopathic epilepsies may have a genetic etiology, but the genetic defect is associated with a distinctive pathology that predisposes to seizures. [18] This type of epilepsy is distinguished from diseases with genetic determinism in which seizures are part of that syndrome. Recurrent seizures can be caused by genetic predisposition, or by neuropathological, chemical and physiological changes of nerve cells and at the connections between them. Seizures can be caused by any lesion involving the cortex. Damage may be structural, metabolic, or may involve the neurotransmitters or the ion channels. There are epilepsies caused entirely by genetic factors and epilepsies determined by lesion factors, congenital or acquired, but most often these factors are acting together in varying proportions. The therapeutic effect of a drug is the consequence of its action on several locations of the brain cell. Resistance to anti-epileptics may be caused by functional or structural alterations of the action site that may change the pharmacodynamics of the drug. These molecular AED targets behave like ligands and can be divided into two categories: voltage-dependant channels and neurotransmitter receptors associated with neuronal excitation. The changes produced at the site of action can be determined or developed as a result of epigenetic changes (mutations of genes dependent channel -channelopathies) or caused by exogenous environmental factors. [19] The action mechanism of antiepileptic drugs is not fully understood. Three important categories of potential candidate genes that can influence the response of AEDs are being discussed: genes encoding transporters of drugs whose known substrate is an antiepileptic; genes encoding for enzymes that are involved in the metabolism of AEDs decomposition; and genes encoding AEDs targets. [18, 20] IGE treatment is demanding for two main reasons. Firstly, AEDs beneficial in focal epilepsies may be deleterious in IGEs. Secondly, the efficacy of AEDs differs even within IGE seizures. This is because of the generation of absences, for example, are due to a predominance of inhibitory activity, in contrast to generalized convulsive seizures in which an excess of excitatory activity is present. Difficulties in diagnosis can generate wrong management of AED that can negatively impact the development of drugs. So, there may be situations where partial epilepsy forms are interpreted as generalized, which require a certain type of antiepileptic administration. Certain AEDs that are beneficial in focal epilepsies are ineffective or even contraindicated in IGE. A drug that is efficient in one type of generalized seizure may be ineffective or exacerbate another type of generalized seizure. [20] Some epilepsy forms are characterized by polymorphic seizures; in those situations seizure exacerbation induced by the AED used must be considered as not always parents/tutors can correctly identify all seizures of a child. Therefore, identification of type of epilepsy must be done with great care, and only by correlating clinical and EEG data.
In recent years numerous scientists have studied the role of MDR1 gene in relation to antiepileptic drug response, the fact that certain AEDs are a substrate for MDR1 being wellknown. Therefore, various studies are needed, involving groups from all this categories (in relationship to substrate medication -epilepsy type -patient age). Certain AEDs are P-glycoprotein inhibitors and ABCB1 polymorphisms influence this inhibitory effect, the intracellular P-glycoprotein substrate concentration depending on one hand on these gene polymorphisms and on the other hand on the drug combination administered (substrate and inhibitor). [21] The protein overexpression in resistant cases may not be related to therapy response. Following experimental tests on mice and rats it was proven that seizures influence the p-gp level and that it is possible for certain changes highlighted in resistant forms to be the result of increased seizure frequency. [22] The results from various studies concerning the role of ABCB1 gene polymorphisms in antiepileptic drug responsiveness are conflicting. [23, 24] Seo et al. [25] found that 2677TT genotype was significantly higher than GG genotype in drug-resistant patients. He also found that 1236CC-2677GG dyplotype association was lower in drug-resistant patients in comparison to drug-responsive epileptic patients. Other researchers found an associated G2677T SNP with resistant epilepsy. [26, 27] Contradicting with these results, Seven et al. . and Haerian et al. found no association between these SNPs and drug-resistant epilepsy. [28, 29] In our study we found an association of the TT genotype variant of C1236T and also G2677T with responsive epileptic patients. Contradictions regarding the presence or absence of association between these polymorphisms and resistant epilepsies can be explained by differences related to the inclusion criteria. A number of authors included different forms of epilepsy with different etiology, including symptomatic forms, many cases from those being resistant to multiple AEDs. We also tried to make an analysis of all epileptic patients initially selected, but no correlation between seizure control and MDR1 gene polymorphisms was found.
For these two gene polymorphisms ethnic differences have been reported, the frequency of C and T alleles varying between 45-55% in Caucasian populations and between 5-10% in African, Americans and Indians. [30] Many researchers have been concerned with the genotypic effects of these polymorphisms on drug resistance in epilepsy. The conflicting reports of several studies on genotype and allele frequency may be due to ethnic differences, knowing that gene polymorphisms often vary among ethnic groups, thus affecting the result of genetic studies. [28] Our findings are in partial agreement with these results, as we found the same differences between 1236CC and 1236TT genotypes distribution in our study groups. Thus, 1236CC was more frequent in resistant group compared with responsive patients (48.4 vs 19.3), while TT has been identified more frequent in responsive group (24.1 vs 22.6). With regard to G2677T, the same distribution was found: GG genotype was more frequent in resistant group (32.2 vs 24.1) while TT more frequent in responsive one (27.7 vs 25.8) . Contradictory results were found by Seo et al. [25] who noticed that patients with drug-resistant epilepsy had a higher frequency of 2677TT genotypes in comparison to drug-responsive patients (26.2 vs 23.8, respectively). In a Ukbek study conducted by Tuychibaeva et al. [31] C1236T SNP distribution among patients with pharmacoresistant epilepsy and healthy individuals was compared and the 1236CT genotype was found most common, with a frequency of 54.2% in epileptic patients and 40% in healthy controls. TT variant homozygous genotype also occurred with a high frequency in the control group (53.3% vs 33.9% in epileptic group, with a significant statistic p value p-0.03). Same results occurred in our study, 1236CT genotype being most common, both in the control and in the epileptic children groups (51.0 and 49.1 respectively).
By comparing C1236T and G2677T polymorphisms' allele, genotype and haplotype frequencies, our results were similar to those reported by other studies on different populations. For example, in our study 1236C allele had a frequency of 51.6 % in healthy population, same results being reported in Macedonians (56%), Serbians (53%), Germans and Hungarians (55%) but not in a gipsy (44%) and Slovenians (39%) [32] [33] [34] . 2677G allele frequency in our study was found in 51% of patients, similar to other European populations (from 53 to 56%). [35, 36] No significant differences between C/T and G/T were detected in our study, in contradiction with other studies previously published on Asian populations. [37, 38] A strong association for C1236T and G2677T linkage disequilibrium was observed in a Macedonian study. [32] When we analysed the linkage between these two SNPs the most frequent genotype we found was CT/GT, followed by CC/GG and TT/TT, but no statistical differences were detected between the study groups or associated with drug-resistant epilepsy. In a study conducted in Romania, using a group of 70 epileptic children with idiopathic and symptomatic epilepsy, in which three MDR1 polymorphisms (C3435T, G2677T and C129T) were monitored, Buzoianu et al. did not succeeded demonstrate association of these polymorphisms to drug resistant epilepsy, even after patients on monoterapy selection. [3, 39] When we analyzed the entire epileptic group, as a drug-resistant and drug-responsive patients we noticed the same results as the previously mentioned study reported [3] regarding G2677T, but we found a statistically significant association of the 1236CT genotype with drug-responsive ep-ilepsy (p-0.001). When we analyzed those two groups after stratification by aetiology we found an association between CC/CT and GG homozygous in both SNPs with idiopathic resistant epilepsy patients. The allele T variant was also representative in those two groups. No associations between genotype or allele with cryptogenic forms were identified. These results are in contradiction with data published by Sanchez et al. where this association was present but in symptomatic, not in idiopathic epilepsies. [4] A highly significant linkage disequilibrium was shown among exons 12, 21, 26 in MDR1 gene (C1236T, G2677T, C3435T). [17] Naumovska et al. [32] concluded in their study that CG haplotype was over-represented in the study population, followed by TT haplotype. In our study, CT/GT haplotypes derived from C1236T and G2677T polymorphisms were associated with response to antiepileptic treatment, with a statistical significance of p-0.03, but we found the same associations as those previously described, in our control group.
An important aspect that must be considered is related to the inclusion criteria and in particular the definition of drug-resistance and drug-responsiveness, a situation that can be held responsible for the conflicting results of studies conducted to date. Compared to studies with the same inclusion criteria our results are in accordance, as we found no difference in allele frequency and also no risk of developing resistant epilepsy for epileptic patients with TT genotype in none of the two analysed mutations.
The limitation of the current study was the small sample size, due to the fact that not all diagnosed patients had signed an informed consent. In addition, neuroimaging investigation are not widely used and not all cases with the clinical diagnosis of idiopathic or cryptogenic epilepsy can benefit from such an examination, therefore those cases being excluded from the study.
To clarify the exact clinical implication of MDR1 polymorphisms in multidrug resistant epilepsy, further investigations in various types of epilepsy, with a reduced number of antiepileptic drugs, would be necessary.
MDR1 C1236T mutation was determined for the first time in a Romanian children population, as well as the association of these two SNPs.
Conclusion
Our results show that MDR1 C1236T and G2677T polymorphisms are not associated with drug-resistant epilepsy in the study population. On the other hand, following the aetiological classification 1236TT and 1236CT genotype variants and also 2677TT were found to be significantly associated with drug-responsive patients diagnosed with idiopathic epilepsy, but not with patients diagnosed with cryptogenic forms.
